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(54) Nitrogen oxide traps 

(57) The invention is a nitrogen oxide trap compris- 
ing a porous suppor t; and catalysts consisting of man- 
g anese and potassium loaded on the porous su pport. 
The trap may be used in an internal combustion engine 



exhaust gas catalyst system. During lean-burn opera- 
tion of the engine the trap absorbs nitrogen oxides and 
releases the nitrogen oxides during decreased oxygen 
concentration in the exhaust gas. 
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Description 

This invention relates to nitrogen oxide traps em- 
ployed in the exhaust system of an internal combustion 
engines to absorb nitrogen oxides during lean-burn op- £ 
e rat ion. 

Catalysts are employed in the exhaust systems of 
automotive vehicles to convert carbon monoxide, hydro- 
carbons, and nitrogen oxides (NOJ p roduced during en- 
gin e operation into more desirable gases. When the en- 10 
glrSTis operated in a stoichiometric or slightly rich air/ 
fuel ratio, i.e., between about 14.7 and 14.4 , catalysts 
containing palladium, platinum and rhodium, or palladi- 
um and rhodium are able to efficiently convert all three 
gases simultaneously. Hence, such catalysts are often is 
called "three-way" catalysts. It is desirable to operate 
the engine in "lean-bum" conditions where the A/F ratio 
is greater than 14.7, generally between 19 and 27, to 
realise a benefit in fuel economy. Such three-way cata- 
lysts are able to convert carbon monoxide and hydro- 20 
carbons but are not efficient in the reduction of NO^ dur- 
ing lean-burn (excess oxygen) operation. 

It has become known that certain alkaline mater ials 
like potassium or strontium in combination with platin um 
are capable of sto ring or absorbing nitrogen oxides un- 25 
der co nditions of excess oxyge n. The widely held mech- 
anism for this phenomena is that the platinum first oxi- 
dises NO to NO a and the N0 2 subsequently forms a ni- 
trate complex with the alkaline material. In a stoichio- 
metric or rich environment, the nitrate is thermodynam- 30 
ically unstable, and the stored NO x is released. NO x 
then catalytically reacts with reducing species in the ex- 
haust gas to form N 2 . These so-called NO^ traps are 
thus currently receiving considerable attention because 
. they have application for removing NO x from the ex- 35 
haust of lean-bum engines. 

One of the disadvantages of these NOg traps is that 
they employ platinum, a scarce and expensive material. 
It would be advantageous if an efficient NO x trap could 
be devised which would employ a less costly material 40 
in place of platinum. We have unexpectedly found that 
efficient NO x traps can be made using manganese in- 
stead of the platinum when used in combination with po- 
tassium. 

This invention is directed to an nitrogen oxide (NO^ ) 4S 
trap useful to trap nitrogen oxides during the lean-burn 
of an internal combustion engine. It comprises a porou s 
s upport loaded with catalysts consisting of m anganese 
a nd potassium . Preferably, the support is loaded with 2 
to 20 weight percent manganese and 5 to 30 weight per- so 
cent potassium, each based on the weight of the porous 
support. In another aspect, the invention is an internal 
combustion engine exhaust gas catalyst system com- 
prising the NO x trap. The trap is arranged in the exhaust 
system and absorbs NO x when the air/fuel ratio of ex- ss 
haust gas flowing into said trap is lean and releases the 
absorbed NO x when the oxygen concentration in the ex- 
haust gas is lowered, as during stoichiometric operation 
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of the engine. Preferably, the manganese is first loaded 
on the support followed by loading the potassium. Ac- 
cording to another aspect, the invention is a process for 
trapping nitrogen oxides using the disclosed traps. 

Advantageously, we have found that platinum in a 
nitrogen oxide trap can be replaced with manganese 
when the alkaline material used for nitrogen oxide trap- 
ping is potassium and yet retain the trapping efficiency 
of a more costly platinum/potassium trap. This was un- 
expected since platinum is widely understood to have 
the most efficient catalyst for oxidising NO to NO^. While 
not wishing to be bound by theory, it is believed that a 
synergistic interaction results between the potassium 
and manganese which increas es the NO oxidation ac- 
tivity of t he manganes e. In contrast, a combination of 
potassium with Fe.Cr (i.e., a chemical element located 
in the same family of the periodic table and hence con- 
sidered similar in properties to manganese) did not dis- 
play the synergistic interaction as did manganese with 
potassium. 

The invention will now be described, by way of ex- 
ample, with reference to the accompanying drawings, 
in which: 

Fig. 1 is a graph showing nitrogen oxide trapping 
efficiency of two platinum-potassium traps (compar- 
ative examples) and a manganese-potassium trap 
(embodiment of the present invention); and 
Fig. 2 is a graph showing nitrogen oxide trapping 
efficiency of two manganese-potassium traps (em- 
bodiments of the present invention) during expo- 
sure in the test gas containing SO2. 

This invention, according to one aspect, is directed 
to an internal combustion engine exhaust gas catalyst 
system comprising a nitrogen oxide trap. The NO x trap 
comprises a porous support impregnated with manga- 
nese and potassium Preferably, the support is loaded 
with 2 to 20 weight percent manganese and 5 to 30 
wei ght percent potassiu m, each based on the weight of 
the porous support. More preferably, the support carries 
between about 5 and 1 0 weight percent manganese and 
between about 15 and 20 weight percent potassium. 

Th e* porous suppor t (wash coat) material loaded 
with the catalysts is preferably a high surface area wash- 
coat material like alumina , preferably being gammanalu- 
mina. Still other washcoat materials which may be used 
at the high operation temperatures associated with an 
internal combustion engine exhaust system include, but 
are not limited to, zeolite, ceria, and zirconia Such 
washcoat materials, useful for carrying catalyst materi- 
als, are well known to those skilled in the art. The choice 
of the particular porous support (washcoat) material is 
not critical to this invention. Desirably, the support ma- 
terial has a surface area between about 5 and 300 rrftg. 

For useful application in an exhaust system, the 
washcoat will be carried on a substrate of a high tem- 
perature stable, electrical ly insulating material. Typical 
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of such substrate materials are cordierite, mullite, etc. 
The substrate may be in any suitable configuration, of- 
ten being employed as a monolithic hon eycomb str uc- 
ture, spun fibres, corrugated foils o7 layered materials. 
Still other materials and configurations useful in this in- s 
vention and suitable in an exhaust gas system will be 
apparent to those skilled in the art in view of the present 
disclosure. 

Th e catalysts and washcoat may be applied to the 
substrate as a mixture of washcpa Lanri natalystor in 10 
sequential steps in a manner which would be readily ap- 
parent to those skilled in the art of catalyst manufacture. 
Preferably, the washcoat is first applied to the substrate 
fol towed by drying and calcination of the washcoat. 
Then the man ganese and potassium catalys ts can be is 
dep osited on the washco at, as by incipient wetness 
techniques well known to those skilled in the art. Accord- 
ing to such techniques, the manganese and potassium 
catalysts, individually or together, would be dissolved as 
soluble precursors thereof, e.g., as a salt like manga- 20 
nese nitrate, in an aqueous or organic solvent solution 
which is then impregnated into the washcoat. The par- 
ticular salt compound employed as well as the solvent 
therefor is not critical to this invention. Other such ma- 
terials which may be used would be apparent to those 25 
skilled in the art in view of the present disclosure. Drying 
and calcination of the impregnated washcoat in air gen- 
erally converts the manganese nitrate to manganese 
oxide on the washcoat material. 

As disclosed above, the trap may be prepared by 30 
impregnating the support material with manganese and 
potassium precursors simultaneously or sequentially. 
Preferably, the trap is prepared by impregnating the sup- 
port materials with manganese first followed by impreg- 
nation with potassium precursor. As is known in the art, 35 
potassium in NO x traps is susceptible to poisoning by 
sulphur compounds present in the exhaust gases. The 
exhaust gases usually contain SCfe which result when 
from the burning of the fuel which contains sulphur. Over 
time, the sulphur compounds react with the potassium 40 
to form potassium sulphide or potassium sulphate which 
does not store NO x and will not revert back to potassium. 
Thus the potassium, in the presence of such sulphur 
compounds, loses effectiveness as a trapping material. 
We have found that by loading the manganese first on 45 
the porous support and subsequently loading the potas- 
sium on top of the manganese, sulphur poisoning of the 
potassium is significantly reduced as compared to the 
reverse order. 

The internal combustion engine catalyst system of so 
this invention may include another catalyst devjc e as, 
for example, a catalytic converter employing a conven- 
tional three-way catalyst contain ingp alladi urn , etc. The 
three- w^catalys^can oe placed upstream of the NG^ 
trap, fience closer tcTthe engine. In such an arrange- ss 
ment, the three-way catalyst being closely mounted to 
the engine would warm up quickly and provide for effi- 
cient engine cold start emission control. Once the en- 
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gine is warmed up, the three-way catalyst will remove 
hydrocarbons, carbon monoxide, and nitrogen oxides 
from me exhaust during stoichiometricl>peration and 
hydrocarbons and carbon monoxide during lean opera- 
tion. The N O x trap would be positioned downstream of 
the three-way" catalyst where the exhaust gas tem pera- 
ture enabl es maximum NOy trap efficie ncy. During peri- 
ods of lean engine operation when NO* passes through 
the three-way catalyst, NC^ is stored on the trap. The 
NOx trap is periodically regenerated by short periods or 
intervals of slightly rich engine operation. With the NO^ 
trap positioned downstream of the three-way catalyst in 
a remote location, it is protected against very high ex- 
haust gas temperatures which could damage it. One 
may also wish to place a second three-way cataly st 
downstream of the NOx tra P in order to provide for effl- 
ciehTTBduction of the NL^which desorbs from the trap 
during regeneration. 

Example 

A nitrogen oxide trap according to an embodiment 
of the present invention was prepared as follows. Gam- 
ma-alumina (100m2/g) was ball milled and mixed with 
distilled water to produce a slurry. The slurry was applied 
to a corderite monolith (400 cells/in 2 ) to obtain a 25 wt. 
% loading of the alumina. The monolith was subse- 
quently dried at 1 20° C to remove the water and calcined 
in air at 500° C for 6 hours. 

The alumina coated monolith was first impregnated 
with an aqueous solution containing manganese nitrate 
adjusted so as to provide for 5 wt. % manganese on the 
alumina washcoat. Following impregnation with the so- 
lution, the alumin awas dried at 120° C for 2 hours to 
remove the waleTand then calcined at 500° C for 6 
hours to convert the ma nganese nitrate to mangane se 
oxide. In a similar fashion, this washcoat was subse- 
quently impregnated with an aqueous potassium nitrate 
solution (adjusted so as to provide 10 wt. % potassium 
on the alumina washcoat), dried, and calcined as above 
to leave potassium on the washcoat. 

For comparison, a platinum/potassium nitrogen ox- 
ide trap was made by a similar procedure. A monolith 
coated with calcined alumina was made as disclosed 
above, the Alumina coated monolith was impregnated 
with an aqueous solution containing hexachloroplatinic 
acid. The platinum concentration in the solution was ad- 
justed in order to provide for platinum loadings of 2 and 
3 wt. % on the alumina washcoat. Following impregna- 
tion of the platinum precursor, the monolith was dried 
and calcined. The monolith was then impregnated with 
an aqueous solution containing potassium nitrate. The 
concentration of the potassium nitrate solution was ad- 
justed in order to provide for a potassium loading of 10 
wt. % on the alumina washcoat. 

In order to test the NOx sorption efficiency of the 
traps, they were subjected to a simulated exhaust gas 
containing: 600ppm NO, 10% CCfe, 10% H 2 0, 0.1%CO, 
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0.03%, H 2> 50ppm C 3 H 6) and 6% 0 2 . The total exhaust 
gas flow rate was 3 litre/min and the space velocity was 
ao.OOOhr 1 . 

It can be seen from Fig. 1 that replacement of the 
platinum with manganese provides a H(\ trap with trap- 
ping efficiency equivalent to the platinum containing 
trap. This was unexpected since, as discussed above, 
manganese is considered to be significantly less effec- 
tive than platinum for oxidising NO to N0 2 . While not 
wishing to be bound by theory, it is believed that a syn- 
ergistic interaction results between the potassium and 
manganese which increases the NO oxidation activity 
of the manganese. Neither the validity nor understand- 
ing of this theory is necessary for the practice of this 
invention. 

Fig. 2 shows the resistance to sulphur poisoning of 
two trap made according to embodiments of the present 
invention. More particularly, it shows the advantage of 
providing the manganese first on the washcoat followed 
by the potassium in contrast to the reverse loading of 
the catalysts. Trap A is a washcoat/manganese/ potas- 
sium trap like that prepared above, while Trap B is a 
washcoat/potassium/ manganese trap prepared in re- 
verse order of catalyst impregnation. The traps we sub- 
jected to the presence of 20ppm S0 2 in the simulated 
exhaust gas stream delivered to the traps during testing 
conducted as described above (5 minute lean cycle). 
Trap A displays greater resistance to sulphur poisoning 
than Trap B as seen from Fig. 2. TTius, as concerns sul- 
phur poisoning, the preferred embodiment of the 
present invention is Trap A where the manganese was 
loaded first on the porous support, e.g., alumina, fol- 
lowed by the potassium loading. 



system comprising a nitrogen oxide trap as claimed 
in any one of the preceding claims, said nitrogen 
oxide trap being arranged in the exhaust system 
and absorbing nitrogen oxides when the air/fuel ra- 
5 tio of exhaust gas flowing into said trap is lean, said 
nitrogen oxide trap releasing absorbed nitrogen ox- 
ides when the oxygen concentration in said exhaust 
gas is lowered. 

10 6. An exhaust gas catalyst system according to claim 
5, which further comprises a three way catalyst po- 
sitioned upstream or downstream of the nitrogen 
oxide trap. 

15 7. A process for trapping nitrogen oxides from the ex- 
haust gases generated during lean-bum operation 
of an internal combustion engine, said process 
comprising the steps of: 

bringing said oxygen-rich exhaust gases, 

20 whose oxygen content is at the stoichiometric or 
more required for oxidising the components to be 
oxidised therein, into contact with a nitrogen oxide 
trap as claimed in any one of claims 1 to 4. 

25 8. A process according to claim 7, which further com- 
prises the step of contacting said exhaust gases 
with a three way catalyst positioned upstream or the 
nitrogen oxide trap. 

30 9. A process according to claim 7, which further com- 
prises a three-way catalyst positioned downstream 
of the nitrogen oxide trap. 



Claims 
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A nitrogen oxide trap useful for trapping nitrogen ox- 
ide present in the exhaust gases generated during 
lean-bum operation of an internal combustion en- 
gine, said trap comprising: 
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a porous support; and 

catalysts consisting of manganese and potas- 
sium loaded on said porous support. 
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2. A trap according to claim 1 , wherein manganese is 
loaded on said support followed by said potassium. 

3. A trap according to claim 1 or 2, wherein said sup- &> 
port comprises alumina. 

4. A trap according to any one of claims 1 to 3, wherein 
said support is loaded with about 2 to 20 wt. percent 
manganese and 5 to 30 wt. percent potassium, 55 
each based on the weight of the porous support. 



5. An internal combustion engine exhaust gas catalyst 
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